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ABSTRACT--The performance demonstrated by a one gigasample per
second (1 Gs/s) transient recorder currently In advanced develo~mt I.—.——-—1
portends an Important new instrument for rteordlng single transient
data. A Charge-Coupled Devtce (CCD) Is used to sample a continuous
analog signal. Samples acquirad at the full sampllng rate (1 Gs/s)
are temporarily stored in the CCD, then read out at a S1OU r~te (e.g.,
250 Ks/s) into a conventional analog-to-digital converter prior to
storage In nonvolatile, digital memory. Enhanced circuitry and tech-
nlq~s developed over the past three years have yleld$d higher per-
formance than originally anticipated. Accordingly, the target
specification shown in Figure 1 has been revised to reflect higher
●xpectations.

BACKGROUND--SOIIWaspects of testing nuclear weapons and their
effects require high dynamfc range and wtde-bandwidth coupled with
considerable post-acquisition data processing. Oscllioscope traces
recorded on photographic film and subsequently digitized have been
the workhorse of this activity. Since the data Is to be processed
dlgltally, there are compelling arguments (e.g., cost, accuracy and
error management) for converting the continuous, analog phenonnsna
to a digital form as early In the process as posstble. Houever. con-
ventional mans of analog-to-digital conversion do not function at
1 Gs/s with 10-bit resolution uith DC-2D0 MHZ bandwidth. Clearly,
an unconventional approach was in order. Acknowledging similar
recording rtquirenmts, lANL and LLNL agreed to collaborate on a
CCD-based transient recorder. !+001, Inc. was retained to develop
the recorder. LLNL agreed to develop the CCL), EGAG planned to
●valuate hardware performance and eventually field cmpleted systems.

The recorder centers around a CCD configured as five parallel,
analog, shift registers. Each shift register h~s a high-precision,
wid~-bandwidth signal sampler and stores 12B dat~ samples. TIM five
registers arc clocked synchronously at rates up to 200 Hs/s yielding
a sampl? ●very 5 ns on etch register. The CC9 can acquire 12B samples
of five independent data channel%. Alternatively, the sanm data can

~~r~~~m=is performad by ()-DOT,Inc. under subcontract
to Los Alamos Natfonal Laboratory (1.ANL). Other parts bmre per-
fornwd by EG&G, Inc. and Lawr@nce Livennorc Natlcnal Laboyat.ory
(LLNL). LANL, EG~G, and lLNL are all prime contractors of the
U.S. Department of Energy (Dot).
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be applled to several registers to obtalnnmre samples at faster
sampling rates. The principal application ●mploys all five registers
for one data channel. Data is split into a series of five successively
longer paths. An Incremental path lengthof 1 ns combined with 5 ns
sampllng on each reg!ster produces continuous 1 ns (i.e., 1 Gs/s)
sanples. After their acquisition, samples are clocked out of the five
shift registers at a slow rate (e.g., 50 Ks/s) into a consnonoutput
shift register, through a coammn analog-to-digital converter into
digital nwmory.

The basic system was reported in the IEEE Transactions in Nuclna~
Sciencel in 1979. At that time, the basic hardware had been integ. ted
=ivered but notevaluatecl. In the past three years, all aspects
of the systems have been thoroughly evaluated. Significant inlprove-
nmts were implenmted. This paper will relate key improvements to
Performance parameters and report current performance relative to the
target specification.

IMPROVEMENTS--Severalimprovenmts have been incorporated in the
transient recorder design since it was initially rep,>rtedin 1979.
These include:

Reference reqister deleted: The original CCD design was con-
~ed as four data registers plus an identical r,?ference
register. The reference register was intended to ,\ldin
post-acquisition data corrections. In fact, it is not neces-
sary for that function and is now used as another dnta register.
This increased the CCD’S capacity from 512 samples to 640 samples.

CCD driven with two-phase clocks: For initial characterization,
the was driven wit+ a series of four clocks each shifted 90”
in phase from the next, Tests with two clocks shifted 180°
apart yielded nearly equivalent CCD perfomnance. Since a two-
phase system operates with fewer CCO clock drivers, fewer 1.
connections to the CCD, and simpler timing circuitry, it was
adopted.

Time base subharmonic reduced: Subhannonics in the time base
cause he instant of sampling to vary in a fined pattern, This
error can potentially be measured and subsequently taken into
account i.?data reduction, However, it is better eliminated, By
carefully isolating potential subharmonic sources from the time
base circuitry, all subhanmnics are now below 60 dB and are not
observed as timing error in the recorded data.

Post-at uisition data correction enhanced: Drift in the CCD and
~-~ose support c rcuitry is consistent.lyless than O.ll of full

scale. Drift on this order permits de~ailed, accurate characteri-
z?tir.)nof operations that various circuit ●lements perform on the
data as it passes through them, With adequate processing power,
the influence of the operaticms on the data can be minimized, some-
times to insignificant levels. Given the demonstrated system
stability, an Intel 8086 microprocessor with the B087 mathematics
co-processor was chosen to pmnit extensive post-acquisition data
manipulation, The 8006/8087 operates with 80-bit floating-point
words (19 diqit precision) under FORTRAN at rates to 0.015 P@gaflops/
second.
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Progrannable signal offset added: Gne of tM methods cclnslknd
7or renmtely calibrating- the system also offered the abil!ty
to locate signal ground l~tany ~int in the full scale range of the
Instrment. After discussion with users, this feature ‘wasincorpor-
ated In the system.

Several other features we also added. Includlng. ●rw cnr~:~d
nnmry and the ab~llty to closely synchronize several recorders. -
history resolution and range were both ●xtended.

FERFORNANCE--At this writing (March, 1W2), several key performance
paranwters have ken demonstrated.

Bandwidth: The measured mplltude response Is -3 dB ‘typically

between /00 PWlzand 1 GHz. The roll-off is smooth (i.e., free of
sh~rp peaks and valleys) to 2 GHZ. At 2 &lz it is typically -15 dB
to -20 dB. The smoth roll-o’}fsuggests a well khaved phase
characteristic.

D.ynamlcranqe (noise limited): Dynamic range Is defintd fop this
~nstrument as mss error to peak-to-peak signal. As such, it IS

intended to W an overall masure of system accuracy. A limlt+ng
component of this err~r is random noise. The signal-to-noise (nns)
ratio typically observed is 60 dB. This allows 10 d[~margin for
otlwr errors combin?d.

+’-% Total sy!itemnon-linearity (defined at ‘integrelnon-
Inear y, the most !itrinqentdeflnltion) Is typ{ca’llyless than

0.1% after post.acqulslticn correction.

%%%
This 1s tne effective slgncl averaging plsrlodduring
Gi#en a track-and-hold sampler, It Is difficult to

define precisely. If the averaging process which occurs as the
sampler shifts from track to hold Is approximated as a window
Integration, the etfect window IS typically 0.2 iIs.

~perture uncertainty: rhe random variation In the lnst~nt of
signal sanlplingis called aperture uncertainty. Aperture uncer-
tainty of 1.8 ps (MM) has been demonstrated.

~llng interval: Sampling nt 1 Gsis Is routine.

The presentation In Jul ,
Y

1982 will show graphic data of these
results as well as additiona data cbtalned In the interim,

Conclusion-,-Recorderperformance demonstrated to date offers con-
siderable Iwpe that the u’ltlmatesystem will meet the entire target
speclflcatioflIn the field. In fact, some s~cif{cation:i (e.g., system
bandwidth) have been sufflcirntly exceeded to suggest thl?possibility of
instruments with even h~gllerperformance.

REFERENCE--‘Linnenbrink, T.[., Gradl, 9,A,, I’ktzger,D.S.,
}{odson,E.K., Thaye;, @,R., G~Witte, G.J., Dalch, J.U., NcConaahv, C.F.,
“A One Gtgasample Per Second Transient R~corder,” lEEF Tra,ls6;~s on
Nuclear Science, vol. NS-?6, No. 4, pp. <143-4449, Auqust, 19 .



FIGURE 1: TARGET SPICIF1tATltM
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